OBJECTIVES: Schools are an important setting to enable and promote physical activity. Researchers have created a variety of tools to perform objective environmental assessments (or 'audits') of other settings, such as neighborhoods and parks; yet, methods to assess the school physical activity environment are less common. The purpose of this study is to describe the approach used to objectively measure the school physical activity environment across 12 countries representing all inhabited continents, and to report on the reliability and feasibility of this methodology across these diverse settings. METHODS: The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) school audit tool (ISAT) data collection required an in-depth training (including field practice and certification) and was facilitated by various supporting materials. Certified data collectors used the ISAT to assess the environment of all schools enrolled in ISCOLE. Sites completed a reliability audit (simultaneous audits by two independent, certified data collectors) for a minimum of two schools or at least 5% of their school sample. Item-level agreement between data collectors was assessed with both the kappa statistic and percent agreement. Inter-rater reliability of school summary scores was measured using the intraclass correlation coefficient. RESULTS: Across the 12 sites, 256 schools participated in ISCOLE. Reliability audits were conducted at 53 schools (20.7% of the sample). For the assessed environmental features, inter-rater reliability (kappa) ranged from 0.37 to 0.96; 18 items (42%) were assessed with almost perfect reliability (Κ = 0.80-0.96), and a further 24 items (56%) were assessed with substantial reliability (Κ = 0.61-0.79). Likewise, scores that summarized a school's support for physical activity were highly reliable, with the exception of scores assessing aesthetics and perceived suitability of the school grounds for sport, informal games and general play. CONCLUSIONS: This study suggests that the ISAT can be used to conduct reliable objective audits of the school physical activity environment across diverse, international school settings.
INTRODUCTION
Childhood obesity is an escalating global epidemic that concerns public health professionals worldwide. 1, 2 Although levels of childhood overweight and obesity initially increased predominantly in high-income countries, the prevalence is currently growing fastest in lower-and middle-income countries. 3 Obesity results from an imbalance in energy expenditure (primarily physical activity) and energy intake (food ingested); therefore, current efforts to prevent obesity focus on promoting higher levels of physical activity and/or healthier diets. 4, 5 Because of the large amount of time children spend in schools, schools have been identified as an important setting to enable and promote physical activity and healthy eating. 4, [6] [7] [8] [9] Current global strategies recommend enhancing schools' support for physical activity and a healthy diet through changes to their built, or physical, environments. The school built environment can be measured using surveys or objective methods to identify features that influence these behaviors. [10] [11] [12] [13] [14] [15] [16] [17] Although surveys of school personnel are arguably easier to employ and are currently included as a component of several studies, 18 they can be burdensome for school staff, which may result in incomplete data, and may be subject to biased and/or incomplete reporting of school amenities. Objective assessments (often termed as 'audits') of the school built environment by study staff, on the other hand, pose little-to-no burden on school personnel and result in complete and verified data for all schools. These objective audits, however, are limited by the consistency with which the study data collectors assess the availability and quality of features of the school environment. 19 Researchers have created a variety of tools to perform objective environmental audits of other settings, such as neighborhoods and parks; however, methods to assess the school environment are less common. 19, 20 To date, the only published reports of audits of the school environment come from two studies, both in developed countries (the United States and the United Kingdom). The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) targeted schools in its sampling scheme, and study staff completed an environmental audit of each participating school. 21 The purpose of this paper is to describe the feasibility of using a single instrument (the ISCOLE school audit tool, or ISAT) to objectively assess the physical activity environment in schools from 12 countries representing widely ranging levels of development and to report on the reliability of this methodology across these diverse settings, to inform future global work to promote healthy school environments.
MATERIALS AND METHODS
The International Study Of Childhood Obesity, Lifestyle and the Environment ISCOLE collected data on obesity, physical activity, dietary patterns and other lifestyle behaviors in 7341 9-11-year-old children across 12 urban/ suburban study sites. 21 Each ISCOLE study site was responsible for recruiting and enrolling at least 500 children, and the primary sampling frame was schools, which was typically stratified by an indicator of socioeconomic status to maximize variability within sites. 21 The Institutional Review Board at the Pennington Biomedical Research Center (coordinating center) approved the overarching ISCOLE protocol, and the Institutional/Ethical Review Boards at each participating institution also approved the local protocol. Written informed consent was obtained from parents or legal guardians, and child assent was obtained as required by local Institutional/Ethical Review Boards. Further details on the study methods are available in the Supplementary Materials and elsewhere. 21 Data were collected from September 2011 to December 2013.
Development of the ISAT
The ISAT (see Supplementary Table 1 : ISCOLE school audit tool (ISAT)) measured the following aspects of the school environment linked to physical activity: support for active transportation; sports and play facility provision; other facility provision (for example, benches and drinking fountains); aesthetics; and perceived suitability of the school grounds for sport, informal games, and general play. The component of the ISAT addressing the school built environment was largely based on the school audit tool used in the SPEEDY (Sport, Physical activity and Eating behavior: Environmental Determinants in Young people) study. 10, 11 However, in some cases, response categories were altered in an attempt to reduce potential subjectivity, and items were changed or added based on feedback from site investigators. For example, an item to assess the presence of a vegetable garden was added. Finally, the wording of choices, including examples of environmental features (for example, 'sidewalk' versus 'footpath') and customary food items, were adapted to colloquial language and understanding as necessary across ISCOLE sites.
Training of ISAT data collectors
Site principal investigators and key study staff were trained (and ultimately certified) in a series of regional training sessions conducted by the ISCOLE Coordinating Center in advance of data collection at each study site. Before the training, site personnel were expected to review all training materials and to successfully pass an on-line examination designed to assess practical understanding of the ISAT protocol and methods. Training sessions were conducted by experts and tool developers from the ISCOLE Coordinating Center and incorporated a thorough review of the school audit protocol and methodology (see Supplementary Table 2 : ISAT manual of procedures). Participants were encouraged to ask questions and initiate discussion to enhance clarification. In addition, trainees conducted a school audit at a nearby school as a hands-on field-based training exercise and case study. School audit data collectors were certified only after (1) completing on-line modules, (2) attending and participating during all modules of the training, and (3) successfully completing the training school audit (evaluated by achievement of satisfactory percent agreement on all measures relative to the expert who conducted the training). Satisfactory agreement was defined as at least 89% agreement with the certifier on each of the five sections of the ISAT.
ISAT-supporting materials
The ISCOLE Coordinating Center developed materials and resources to support the school audit and to assist with quality control of the data collected.
School aerial image and grid. To facilitate systematic completion of the ISAT, the ISCOLE Coordinating Center required that sites obtain an aerial image of each study school's entire school grounds (for example, from Google Earth) and overlay a predesigned 10 × 10 grid with labels 'A-J' on the x axis and '1-10' on the y axis (see Figure 1 for an example). Data collectors were instructed to visit each grid square within the school grounds map and mark each as completed after the area was completely Figure 1 . Aerial image of participating ISCOLE school with grid overlay.
investigated. The map also served to allow data collectors to indicate location-specific data regarding features of the built environment, such as the location of entrances to the school.
ISAT worksheet. The school audit worksheet (see Supplementary Table 3: ISAT worksheet) was used by the data collectors to write down the grid locations where specific school audit items were located. After visiting all areas of the school grounds, the data collectors completed the ISAT based on the notes recorded on the school audit worksheet.
ISAT questions sheet. During one of the early trainings, site personnel recommended that a 'questions sheet' be developed to assist school audit data collectors to record any questions arising during the audit (for example, how a certain area is used) that would require clarification with school personnel. School audit data collectors used the ISAT questions sheet to record such questions and to follow-up with the school's contact person or the ISCOLE Coordinating Center after the audit.
ISAT specific item dictionary. Each item in the school audit was defined in a document titled the 'Specific Item Dictionary' (see Supplementary Table  4 : ISAT specific item dictionary). The definitions were developed by the ISCOLE Coordinating Center and a new version of the dictionary was uploaded to the data management website if an item definition was altered or updated. The dictionary also included tips and quality control suggestions to reduce ambiguity of the item definitions and facilitate efficiency of school audit data collection.
ISAT photodictionary. A photodictionary served as a pictorial resource to provide additional clarification for school audit items (see Figure 2 for an example). The photodictionary was available to all study sites via the ISCOLE data management website, and sites were encouraged to submit additional photos. Pictures in the photodictionary displayed examples of real-world scenarios within the built environment that would or would not be counted for particular school audit items.
ISAT forum. The ISCOLE data management website included a virtual/ web-based forum for ISAT data collectors to post questions and pictures if they were uncertain whether and/or how to properly account for the feature or item definition in question. The Coordinating Center experts, as well as other sites' school audit data collectors, were expected to actively participate in forum discussions and ultimately come to a consensus about the decision proposed for each question posted on the forum.
Timing of ISAT data collection ISCOLE data collection occurred during the school year and covered all spanned seasons. ISAT data collection for a particular school occurred at the same time as the other ISCOLE data collection at that school, which ensured that the ISAT provided information on the school conditions concurrent with the accelerometry.
Assessing reliability of ISAT items
For each ISCOLE site, a minimum of two schools or 5% of their school sample was simultaneously and independently audited by two certified data collectors to assess inter-rater reliability of school audit items, as well as to identify any local quality control issues related to data collection. In 10 of the 12 ISCOLE sites, the schools associated with the reliability audits were the first two schools at which ISCOLE data collection occurred. In the other two ISCOLE sites (that is, the United States and Colombia), reliability audits were performed for 67% and 95% of schools, respectively, with the reliability audit being determined by the availability of a second data collector and the objectives of the ISCOLE site.
Statistical analysis
The ISAT collected information about availability and, in some cases, quality of various school amenities. For analysis, responses were dichotomized to correspond to 'present and functional' versus 'present and not functional or not available. ' Item-level agreement between data collectors was assessed with both the kappa statistic and percent agreement. Because of the multilevel nature of the data, the kappa statistic was calculated using a regression technique, 22 in which the regression models incorporated random effects corresponding to the ISCOLE sites. Level of agreement was evaluated as follows based on the value of the kappa statistic: 23 almost perfect (Κ = 0.80-1.00), substantial (Κ = 0.60-0.79), moderate (Κ = 0.40-0.59), fair (Κ = 0.20-0.39) and slight (Κ = 0-0.19). Percent agreement was calculated as a weighted average that gave equal weight to each study site (that is, the two sites that conducted reliability audits in more than two schools were not over-represented in the measure).
The results of the audit were also summarized as scores corresponding to the domains assessed by the ISAT: support for walking to school; support for biking to school; provision of sports and play facilities; provision of other features supporting physical activity; aesthetics; and perceived suitability of the school grounds for sport, informal games and general play. Each component score was calculated as the sum of the items within each domain, with the following exceptions where two items measured separately were treated as a single item in the component score: having an entrance accessible/designed for pedestrians/cyclists (neither = 0, accessible but not designed for = 0.5, designed for = 1), pavements (that is, sidewalks/footpaths) on one/both sides of the street (neither = 0, one side = 0.5, both = 1), bicycle lanes on/separated from the road (neither = 0, on road = 0.5, separated from the road = 1) and uncovered/covered bicycle parking (neither = 0, uncovered = 0.5, covered = 1). For component scores, reliability was summarized as the intraclass correlation coefficient (ICC; and associated 95% confidence interval), which was calculated within an analysis of variance framework as the ratio of the difference between the between-school variation and the within-school (inter-rater) variation and the sum of the variance components. 24 The ICC was summarized separately for those ISCOLE sites performing reliability audits on the minimum of two schools within the site-specific sample and those sites that performed reliability audits on the majority of their school samples. Agreement for the component scores was evaluated as follows based on the value of the ICC:
25 excellent (ICC 0.80-1.00), good (ICC 0.60-0.79), fair (ICC 0.40-0.59) and poor (ICC 0-0.39). All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Across the 12 sites, 256 schools were audited as part of the ISCOLE study. Except for the China and India sites, which enrolled 6 and 10 schools, respectively, each site enrolled 24 schools on average. Reliability audits were conducted in 53 schools (21% of the school sample). By site, this ranged from 7 to 95% of schools.
Although the ISCOLE study targeted 10-year-old children, the school settings for these children were variable within and across sites (Table 1 ). Schools contained 3-16 grade levels, and the number of children enrolled in the participating school ranged from 50 to 5200.
Likewise, the availability of school features supportive of physical activity differed both across sites, and across schools within a site (Table 2) . However, some items (for example, availability of pedestrian entrances, presence of planted beds and assessed suitability of the school grounds for general play) showed little variability both within and between countries, with these features being present in over 90% of schools in the sample and in over 71% of each of the site-specific samples. Other items, such as the availability of running tracks, varied considerably between sites, but relatively little between schools within a site. Across the school features assessed, only six varied across all site-specific samples (bicycle parking, school warning signs, trees for sitting under, wildlife/nature gardens, murals/outdoor art and ambient noise).
Of the 43 items comprising a school's physical activity environment, 18 items (42%) were assessed with almost perfect reliability (Κ = 0.80-0.96), and a further 24 items (56%) were assessed with substantial reliability (Κ = 0.61-0.79; that is, a total of 98% of items had substantial to almost perfect reliability; Table 3 ). Only one item (suitability of school grounds for general play) was not reliably assessed (K = 0.37). Across all items, percent agreement between the two local data collectors ranged from 83.9 to 100%.
Reliability was good to excellent for scores corresponding to the following domains assessed by the ISAT: support for walking to school, support for biking to school, provision of sports and play facility and provision of other features supporting physical activity (Table 4) . Although the reliability of the scores for aesthetics and perceived suitability of the school grounds was excellent across the 10 ISCOLE sites that performed reliability audits in two schools, the reliability for these schools was lower in the two ISCOLE sites that performed reliability audits in the majority of their schools.
On average, school audits took 57 min to complete, ranging from 15 to 160 min. The time to complete the audit increased with the number of students at the school and declined over time (data not shown), presumably as data collectors became more familiar with the method. For example, for an average-sized school, a site's first school audit took an average of 61 min to complete, whereas a school audit completed 6 months later took an average of 51 min to complete.
DISCUSSION
This study supports that it is possible to conduct reliable objective audits across international settings of features of the school built environment related to physical activity. Nearly all features of the school environment were assessed with high reliability. Likewise, scores that summarized a school's support for physical activity were highly reliable, with the exception of scores assessing aesthetics and perceived suitability of the school grounds for sport, informal games and general play.
Our results are similar to those of two other studies that have reported on the development of school audit tools. Jones et al.
11
tested the reliability of the SPEEDY instrument in 17 schools in Norfolk, UK, and Lee et al. 16 assessed reliability of the Texas Childhood Obesity Prevention Policy Evaluation (TCOPPE) instrument in 12 schools in Texas, USA. Both studies report moderate to excellent reliability for items, with the exception of items measured with ordinal (Likert) responses and those requiring data collectors to subjectively rate their perceptions (for example, attractiveness and quality).
A unique feature of this study is the diversity of school settings in which the ISAT was used; to our knowledge, this is the first study to conduct objective audits of the school environment in less-developed countries. A further strength of this study is the large sample size of schools that contributed to the reliability estimates. Prior studies 11, 16 noted low variability in some measures, which limited assessment of reliability. In contrast, because the current study assessed school environments across widely different settings, all items showed some variability, whether within or between sites. However, the current study is limited by the fact that inter-rater reliability of school audit items was the only reliability measure evaluated. Lee et al. 16 also measured test-retest reliability to assess the stability of the item measures over time and reported good-to-outstanding test-retest reliability in their use of the TCOPPE instrument in Texas schools.
Although not investigated formally within ISCOLE, feedback from ISCOLE data collectors suggests that in countries with high seasonal variation, test-retest reliability for particular audit items measured across seasons would likely be low. For example, in a country with high amounts of winter snow accumulation, a feature such as the presence of bright marking on play surfaces could be assessed as 'functional' some of the year; however, a data collector would be unable to determine its presence if covered by snow, and would therefore consider it 'not present.' Similarly, there may be features present during winter, such as snow hills, that are not present during other seasons. Measures derived from a school audit are generally used in two ways: to summarize the overall healthfulness of a school's environment (for example, the number of features supportive of physical activity that the school provides its students), and to provide objective measures of the school environment against which concurrent levels of student physical activity can be evaluated for associations. In situations such as the examples provided above, a single point-in-time audit may not suffice for both intended uses if high seasonal variability occurs across the measurement of participating schools. An additional limitation of the current study is the fact that the reliability schools were generally the first two participating schools. This approach was chosen so that potential measurement issues could be identified and resolved early in the data collection process; however, because the reliability audits occurred most proximate to the training, this may have biased reliability estimates upward. If, on the other hand, reliability improves with time and experience, then these estimates may be considered conservative. Within the two sites with more than two reliability audits, there was no evidence of drift, or a decline in consistency over time, between the two data collectors (data not shown).
The current study did not assess relationships between inschool physical activity and the assessed features. The SPEEDY instrument on which the ISAT was based showed good construct validity, however, being able to differentiate the most supportive and least supportive schools on the basis of child physical activity levels. Besides construct validity, the amount of variability in an item, or component, affects the relationship with physical activity. In the current study, the availability of school features supportive of physical activity differed both across sites, and across schools within a site, and several items showed little within-site variability. Therefore, it is likely that the relationships between specific features of the school environment and in-school physical activity may differ across countries.
ISCOLE used several strategies to promote high reliability: data collectors were required to be certified after completing a rigorous training, the audit was supported by the availability of specific item definitions and a photodictionary to reduce ambiguity or subjectivity in scoring of features, data collectors used a school map and grid to facilitate a systematic approach to the audit, and a forum was available that encouraged questions and discussions about situations requiring clarification. Despite differences in local expertize and resources, all ISCOLE sites were able to conduct the school audit according to protocol. This success suggests that the ISAT is feasible to include in future research on child health, and the ISAT results for the 12 sites represented in ISCOLE provide a valuable benchmark for this future work.
CONCLUSIONS
The ISAT is the first instrument to objectively assess the physical activity environment in a global sample of schools. The ISAT is feasible to implement across diverse, international settings and provides reliable information about aspects of the school environment thought to be supportive of physical activity. The availability of a single audit instrument suitable for the use in schools around the world can facilitate global work to promote healthy school environments. Future research will evaluate associations between measures derived from the school audit and children's in-school physical activity.
CONFLICT OF INTEREST
MF has received an honorarium for speaking for Merck. VM has received an honorarium for speaking for The Coca-Cola Company. TO has received an honorarium for speaking for The Coca-Cola Company. The remaining authors declare no conflict of interest.
Supplementary Information accompanies this paper on International Journal of Obesity Supplements website (http://www.nature.com/ijosup) Reliability of component scores within the sample of reliability schools from ten ISCOLE sites that performed reliability audits on two schools within each site-specific sample.
